The photodissociation dynamics of HI and DI are examined using time-dependent wave-packet techniques. The orientation and alignment parameters a Q ͑K͒ ͑p͒ are determined as a function of photolysis energy for the resulting ground-state I͑ 2 P 3/2 ͒ and excited-state I͑ 2 P 1/2 ͒ atoms. The a Q ͑K͒ ͑p͒ parameters describe the coherent and incoherent contributions to the angular momentum distributions from the A 1 ⌸ 1 , a 3 ⌸ 1 , and t 3 ⌺ 1 electronic states accessed by perpendicular excitation and the a 3 ⌸ 0 + state accessed by a parallel transition. The outcomes of the dynamics based on both shifted ab initio results and three empirical models for the potential-energy curves and transition dipole moments are compared and contrasted. It is demonstrated that experimental measurement of the a Q ͑K͒ ͑p͒ parameters for the excitation from the vibrational ground state ͑v =0͒ would be able to distinguish between the available models for the HI potential-energy curves and transition dipole moments. The differences between the a Q ͑K͒ ͑p͒ parameters for the excitation from v = 0 stand in sharp contrast to the scalar properties, i.e., total cross section and I * branching fraction, which require experimental measurement of photodissociation from excited vibrational states ͑v Ͼ 0͒ to distinguish between the models.
I. INTRODUCTION
The hydrogen halides, HX ͑X = F, Cl, Br, and I͒, represent some of the simplest systems that dissociate to yield open-shell fragments. They provide model systems for studying molecular photodissociation dynamics on multiple potential-energy curves ͑PECs͒ including the effects of nonadiabatic coupling. In particular, the photodissociation process HX + h → H͑ 2 S͒ + X͑ 2 P 3/2 ͒ → H͑ 2 S͒ + X͑ 2 P 1/2 ͒ to yield the ground and spin-orbit excited-state halogen atoms has been of both experimental and theoretical interest. Following standard nomenclature, the two spinorbit states of the halogen atom, X͑ 2 P 3/2 ͒ and X͑ 2 P 1/2 ͒, are referred to as X and X * , respectively. For HF, HCl, HBr, and HI, the spin-orbit splittings between the two product channels are 404, 882, 3685, and 7603 cm −1 , 36 respectively, and thus, the effects of increasing spin-orbit coupling on the dissociation process can be examined systematically.
The goals of the experimental and theoretical studies have been to understand the roles of various electronic states involved in the excitation and the possible nonadiabatic transitions that could take place between the excited PECs as the molecule fragments. In order to achieve these goals, the more recent experimental and theoretical studies have focused on determining the branching fraction ⌫, which provides the yield of spin-orbit excited atoms ͑X * ͒ relative to the total yield, and on the lowest-order ͑K =0͒ anisotropy parameter ␤, which provides information on the parallel and/or perpendicular nature of the electronic transitions contributing to the dissociation. While the measurement of the scalar properties, i.e., total cross section and ⌫, and the lowestorder vector property ␤ provide a wealth of information on the potential-energy curves, transition dipole moments, and, if applicable, nonadiabatic couplings underlying the dynamics, recent experiments [37] [38] [39] have determined the alignment of chlorine and bromine atoms resulting from the dissociation of HCl and HBr, respectively. Also, calculations of the alignment and orientation of the resulting halogen atoms have been carried out for the photodissociation of HF, 40 HCl, 38, 41 and HI. 42 The resulting alignment and orientation are extremely sensitive to the details of the potential-energy curves and transition dipole moments and, as discussed in Sec. III for HI, provide more detailed information than measurement of the total cross section, branching fraction, or the anisotropy parameter ␤.
The halogen atoms can have a preferred orientation and/or alignment in space since they possess angular momenta. The spatial distribution of the photofragment angular momenta can be described by the contributions from dissociation on a single PEC and from the interference from dissociation via multiple PECs. 43 The a Q ͑K͒ ͑p͒ parameters 44 can fully describe the polarization of the resulting atomic photofragments in the molecular frame. K and Q refer to the spatial distributions in the molecular frame. The symmetry of the transition dipole moments from the ground electronic state to the dissociating states is given by p and can be ʈ , Ќ, or ͑ ʈ , Ќ͒ corresponding to the pure parallel, pure perpendicular, or mixed parallel/perpendicular excitation. An equivalent set of anisotropy parameters describing the dissociation in the laboratory frame has also been introduced.
In the present work, the a Q ͑K͒ ͑p͒ parameters ͑K ഛ 3͒ describing the alignment/orientation of iodine fragments, both I and I * , produced from the photodissociation of HI and DI are reported. They are determined from a quantummechanical time-dependent wave-packet calculation based on recently published 21, 22 empirical potential-energy curves and transition dipole moments as well as the best available ab initio data. 24 For the empirical models, the molecular parameters were determined by fitting the experimentally measured scalar properties, i.e., total cross section and branching fractions, for the HI and DI photofragmentation processes. Calculations based on them were then shown to reproduce the lowest-order anisotropy parameter ␤. The ab initio PECs and transition dipole moments have been shown 24, 47, 48 to reproduce the experimentally measured scalar properties. Here we demonstrate that measurement of the a Q ͑K͒ ͑p͒ parameters for the excitation from v = 0 can distinguish between the various models for the electronic structure of HI. The paper is organized in the following manner. Section II A outlines the underlying electronic structure as it relates to the two lowest-energy asymptotes H͑ 2 S 1/2 ͒ +I͑ 2 P 3/2 ͒ and H͑ 2 S 1/2 ͒ +I͑ 2 P 1/2 ͒, which are the only ones of interest here. A brief description of the a Q ͑K͒ ͑p͒ parameters relevant to HI ͑DI͒ dissociation is presented in Sec. II B. The methods used to determine the a Q ͑K͒ ͑p͒ parameters from a time-dependent wave-packet treatment of the dissociation dynamics are outlined in Sec. II B. The a Q ͑K͒ ͑p͒ parameters describing the I͑ 2 P 3/2 ͒ and I͑ 2 P 1/2 ͒ fragments arising from the photodissociation of HI from its vibrational ground state ͑v =0͒ are discussed in Sec. III A. In Sec. III B, the corresponding results for DI are presented and contrasted to those for HI. Finally, some conclusions and proposals for the experimental verification of these results are given in Sec. IV. The a Q ͑K͒ ͑p͒ parameters for vibrationally mediated photodissociation are also discussed, although detailed results are not presented here.
II. THEORY
The first step required in a theoretical investigation of photodissociation is to determine the underlying potentialenergy curves or surfaces for polyatomic molecules, and the corresponding electronic transition dipole moments connecting the ground state to the excited electronic states. The couplings between the electronic states may also be required but the current models for HI do not invoke coupling between states. Once the electronic structure is known, a methodology for treating the dynamics is required and, in the present work, a time-dependent wave-packet treatment is utilized. From the dynamics, the photofragmentation T-matrix elements can be determined and used to obtain the a Q ͑K͒ ͑p͒ parameters via a well-established theoretical framework. 43, 44, 46, 49 Since much of the theory has been presented elsewhere, including a detailed discussion for the photodissociation of HI, 42 each of these elements is discussed only briefly. 22, 27, 30, 35, [50] [51] [52] rather than from ab initio investigations-although ab initio calculations of the electronic structure of HI have been carried out. 24, [53] [54] [55] Coupling between the electronic states has not been invoked in any of the fits except in the work of Levy and Shapiro. 30 Subsequently, the ␤ parameter measurements 33 that Levy and Shapiro fit were shown to be incorrect.
A. Electronic structure
In this paper, the recent empirical models 21, 22 and ab initio predictions 24 for the PECs and associated transition dipole moments of HI are utilized. Three empirical models are considered: ͑1͒ the model arising from LeRoy's original analysis, 22 hereafter referred to as model 0, and ͑2͒ the two new models developed 21 to account for all original data and the recently measured branching ratios and anisotropy parameters ␤ for the photolysis of HI͑v =2,J =0͒, hereafter referred to as models 1 and 2. The ab initio data for both PECs and transition dipole moments as determined by Alekseyev et al. 24 are also utilized and are referred to as the ab initio 
The parameters defining the excited-state potential-energy curves and the transition dipole moment functions are given in Tables I, II , and III for models 0, 1, and 2, respectively. In a recently published comment, 47 Alekseyev et al., who generated the ab initio data we have used in this paper, speak strongly against model 2 being viable based on plausible physical reasoning. Firstly, in model 2, the a 3 ⌸ 0 + and a 3 ⌸ 1 states lie notably lower than the corresponding ab initio potentials. This contradicts the argument based on the intrinsic properties of the computational method that these PECs should be shifted upwards in energy. Secondly, model 2 uses a a 3 ⌸ 0 + ← X 1 ⌺ 0 + transition dipole moment that increases with decreasing bond length. All computational methods indicate otherwise, i.e., the transition dipole moment decreases with decreasing bond length, see Fig. 3 of Ref. 24 . For these reasons model 2 should most likely be discounted. So, while the primary comparison for the purposes of encouraging experiments to measure these parameters should be between model 1 and the ab initio model, calculations based on models 0 and 2 are included for completeness, and to demonstrate the sensitivity of the anisotropy parameters to differences in the PECs and transition dipole moments. A detailed description of the correspondence between the photofragment atomic states and the adiabatic molecular 
͑7͒
The t 3 ⌺ 1 state correlates as HI͑t 3 ⌺ 1 ;⍀Ј = ± 1͒ → H͑m H = ± 1/2͒ + I * ͑m I = ± 1/2͒.
͑8͒
The molecular wave functions corresponding to these asymptotes are given in Table II of Ref. 40 . The long-range correlations given in Eqs. ͑5͒-͑8͒ are required for the determination of the orientation and alignment parameters, a Q ͑K͒ ͑p͒.
B. Determination a Q "K… "p… parameters via timedependent wave-packet dynamics
The primary goal of this work is to determine the a Q ͑K͒ ͑p͒ parameters describing the orientation and alignment of the iodine atomic fragments in the molecular frame. The theoretical and/or experimental determination of a Q ͑K͒ ͑p͒ parameters provides the most detailed understanding of the photodissociation dynamics. For these parameters, K and Q refer to the spatial distribution in the molecular frame and p refers to the symmetry of the transition connecting the ground electronic state to the dissociative excited states. The symmetry p can be pure perpendicular ͑Ќ͒, pure parallel ͑ ʈ ͒, or mixed parallel/perpendicular ͑ ʈ ,Ќ͒. The scalar and lowestorder vector properties, including the total cross section, the I * branching fraction, and the anisotropy parameter ␤, have been determined previously for these PECs and transition dipole moments. 21 ,22,24,47,48 Therefore, we do not discuss these parameters in the present work.
In the following description of the anisotropy parameters, the nuclear spins of the photofragments have been neglected. Since the duration of the dissociation process is typically much smaller than the Heisenberg uncertainty time ⌬t = ប / ͑2⌬E͒ associated with the hyperfine splitting in the atoms, this assumption is justified. While the nuclear spins do not affect the photodissociation dynamics, the hyperfine interaction in the final fragments results in the partial depolarization of the fragment's electron angular momenta. 57 For the dissociation of the HI molecule considered here, any orbital alignment of the I-atom photofragment will degrade to Ϸ23% of its nascent value through coupling with the I=5/2 nuclear spin.
The dimensionless anisotropy parameters a Q ͑K͒ ͑p͒ are normalized combinations of the dynamical functions f K ͑q , qЈ͒. For the dissociation of HI resulting in the production of iodine and hydrogen atoms having angular momenta j I and j H , respectively, the dynamical functions for the iodine atom are defined as
͑9͒
The expression ͗⌿ n,⍀ − ͑R , E͉͒d q ͉⌿ ⍀ i ͘ is the energy-dependent photofragmentation T-matrix element associated with channel n and is the critical quantity that must be determined from the dynamics calculation ͑see below͒. The indices q and qЈ are the vector spherical harmonic components 57, 58 of the molecular electric dipole moment with respect to the recoil axis. These indices can take the value of 0 corresponding to a parallel electronic transition or the values ±1 corresponding to perpendicular electronic transitions. The initial and final z components of the total electronic angular momentum about the molecular axis are related by ⍀ = ⍀ i + q. The diagonal elements of the dynamical functions f K ͑q , qЈ͒ with q = qЈ correspond to incoherent excitation of perpendicular or parallel transitions. The off-diagonal elements withЈ correspond to coherent excitation of different molecular continua. The expression for the dynamical functions for the hydrogen atom can be obtained from Eq. ͑9͒ by exchanging the subscripts I and H.
For the ground-state iodine photofragments I͑ 2 P 3/2 ͒, the relevant dynamical functions range from K = 0 to 3, while for the excited-state iodine I͑ 2 P 1/2 ͒, they correspond to K =0 or 1. Since the dynamical functions are directly related to the angular momentum state multipoles, 40 K is referred to as the multipole rank. For the ground-state iodine fragment, the complete set of state multipoles ͑dynamical functions͒ contains K =0 ͑population͒, K =1 ͑orientation, dipole moment͒, K =2 ͑alignment, quadrupole moment͒ and K =3 ͑orientation, octopole moment͒. The description for the excited-state iodine fragment requires only K = 0 and K = 1 dynamical functions.
In order to clarify the meaning of the anisotropy parameters that are utilized for describing the ground-state iodine I͑ 2 P 3/2 ͒ and the excited-state iodine I͑ 2 P 1/2 ͒ fragments, their relationships to the dynamical functions are described below. The zeroth-rank ͑K =0͒ anisotropy parameter is the wellknown ␤ parameter and is given by 43 
␤
The ␤ parameters for the iodine atoms are not discussed here as they have been examined previously for models 0, 1, and 2 ͑Refs. 21 and 22͒ and for the ab initio model. 24 The ground-state I-atom products result exclusively from the perpendicular transitions to the a 3 ⌸ 1 and A 1 ⌸ 1 states and ␤ = −1 independent of the photolysis energy. On the other hand, the I * products result primarily from the parallel transition to the a 3 ⌸ 0 + state below 50 000 cm −1 and from the perpendicular transition to t 3 ⌺ 1 above 50 000 cm −1 . Thus, the ␤ parameter describing the production of I * changes from +2 at low energies to −1 at high energies.
As in our previous study of HI and DI based on model 0, 42 24 have omitted it from discussions and we choose to do the same for the ab initio model in the present work. Hence, only results for the parameters describing ground-state iodine fragments are presented based on the ab initio PECs and transition dipole moments.
The parameters describing the incoherent perpendicular excitation are related to the dynamical functions Eq. ͑9͒ by
For the ground-state iodine photofragment, the parameters V 2 ͑j I ͒ and V 3 ͑j I ͒ are given by .
͑15͒
Since K = 0 or 1 for the excited-state iodine fragment I͑ 2 P 1/2 ͒, only the a 0 ͑1͒ ͑Ќ͒ parameter is required for the description of incoherent perpendicular excitation. The description of the angular distribution of the groundstate I͑ 2 P 3/2 ͒ fragment also requires two parameters for coherent perpendicular excitation, i.e.,
and
For the excited-state iodine fragment, the parameter a 1 ͑1͒ ͑ ʈ , Ќ ͒ describing coherent parallel and perpendicular excitations is
The parameter describing coherent parallel and perpendicular excitations usually has its real and imaginary parts presented separately. 44 In order to determine the dynamical functions required to calculate the anisotropy parameters, the photofragmentation T-matrix elements must be obtained from the dynamics. A time-dependent wave-packet formulation for the dynamics [59] [60] [61] [62] [63] [64] is used in the present work. The timedependent approach is based upon the solution of the nuclear Schrödinger equation iប ‫ץ‬⌽͑R,t͒ ‫ץ‬t
͑19͒
In Eq. ͑19͒, is the reduced mass of the molecule, ⌽͑R , t͒ is a column vector describing the time-dependent wave function on each of the excited electronic states of the molecule, and V͑R͒ is a diagonal matrix of the adiabatic potential energies. No off-diagonal couplings are considered in the present adiabatic treatment of the dynamics. The rotational part of the nuclear kinetic-energy operator is neglected in Eq. ͑19͒. As in our previous studies of hydrogen halide dissociation, 2,4,40,65 the axial recoil approximation is assumed to be valid, which is equivalent to the neglect of the overall rotation of the molecule. 66 In the time-dependent approach, initial wave-packet packets n ͑R , t =0͒ are prepared by multiplying the initial nuclear vibrational wave function of the molecule, ⍀ i ͑R͒, by the corresponding adiabatic transition dipole moment between the ground state and the nth excited state d q Ј n ͑R͒. The index qЈ is the vector spherical harmonic component of the transition dipole moment function and it is determined by the symmetries of the ground and excited electronic states. The initial ground-state nuclear wave functions have been determined using the Fourier grid Hamiltonian method. 59, 67, 68 Once the initial wave packets are defined, they are propagated in time under the influence of the excited-state potential-energy surfaces. The time propagation is performed using the Chebychev expansion technique. 69, 70 In order to determine the photofragmentation T-matrix elements, the time-evolving wave packets are analyzed at each time step as they pass through an analysis line defined at a large fixed value of the bond length ͑R = R ϱ ͒. By taking the Fourier transform over time of these cuts through the time-dependent wave packets n ͑R ϱ , t͒, energy-dependent coefficients 2,4,60 A n ͑R ϱ , E͒ are then obtained, where
As has been discussed previously, 40 ,60 the photofragmentation T-matrix elements are related to these energy-dependent coefficients by
͑21͒
Once the T-matrix elements are known, the dynamical functions f K ͑q , qЈ͒ can be determined via Eq. ͑9͒, and then the anisotropy parameters can be obtained using the relationships given in Eqs. ͑11͒-͑18͒.
III. RESULTS AND DISCUSSION
In the following sections, the focus is on the determination of the anisotropy parameters a Q ͑K͒ ͑p͒ within the current adiabatic models 21, 22, 24 for dissociation. The calculations demonstrate that the experimental measurement of these parameters for the excitation from v = 0 can distinguish between the current empirical models and the ab initio results. In order to distinguish between the present models via scalar properties, e.g., the total cross section or the I * branching fraction, measurements must be made for v Ͼ 0 using vibrationally mediated photodissociation. 21 The measurement of the a Q ͑K͒ ͑Ќ͒ parameters allows the determination of the relative roles of the a 3 ⌸ 1 and A 1 ⌸ 1 states. The relative contributions of these states cannot be determined via measurement of either the I * branching fraction, since both correlate with ground-state fragments or the ␤ parameter, since both are accessed via perpendicular transitions. The sensitivity of the a 1 ͑1͒ ͑ ʈ , Ќ ͒ parameter to the relative amounts of parallel and perpendicular excitation is also demonstrated.
A. Anisotropy parameters for iodine fragments from the dissociation of HI
The angular distribution for the ground-state iodine fragment I͑ 2 P 3/2 ͒ is described by both orientation ͑K = 1 and K =3͒ and alignment ͑K =2͒ parameters. On the other hand, the excited-state I͑ 2 P 1/2 ͒ fragment's angular distribution is fully described by orientation ͑K =1͒ parameters only. The anisotropy parameters determined from the four models for the electronic structure are discussed first for the groundstate iodine fragment and then for the excited-state atom. The primary comparison is between the results based on model 1 and the ab initio model, as model 0 has been discounted due to its inability to reproduce the results of the vibrationally mediated photodissociation experiments, 21 while model 2 is unlikely due to physical arguments based on the best available ab initio results. 47 However, the results based on these latter two models are included for comparison and to demonstrate the sensitivity of the a Q ͑K͒ ͑Ќ͒ parameters to changes in the PECs and the transition dipole moments. It should be noted that when dissociating with linearly polarized light, the spatial distribution of the angular momentum of the ensemble of I͑ 2 P 1/2 ͒ photofragments is dependent only on the a 0 ͑2͒ ͑Ќ͒ and a 2 ͑2͒ ͑Ќ͒ parameters as the excitation is of perpendicular character only. On the other hand, when dissociating with circularly polarized light, the angular distribution of the iodine fragments reflects contributions from the odd K parameters. 44 Thus, while all of the a Q ͑K͒ ͑Ќ͒ parameters may be determined from our calculations, their measurement requires experiments with both linearly and circularly polarized light. Figure 2 illustrates the anisotropy parameters describing the incoherent perpendicular excitation, a 0 ͑K͒ ͑Ќ͒, for the ground-state I͑ 2 P 3/2 ͒ fragment produced from the photodissociation of HI as a function of photolysis wavelength. The results are for the excitation from the rotationless ground ͑v =0͒ vibrational state. Results are presented for the three empirical models and the ab initio model. As discussed in Sec. II A, the primary comparison is between model 1 and the ab initio model and Fig. 2 Within the adiabatic model of dissociation, the a 0 ͑K͒ ͑Ќ͒ parameters are directly related to the excitation probability to, and relative yields from, the A 1 ⌸ 1 and a 3 ⌸ 1 states. 40 Therefore, the differences in the a 0 ͑K͒ ͑Ќ͒ parameters reflect the differences in the energies of these two excited states and the magnitudes of the transition dipole moments to the two states. In fact, the low-energy and high-energy limiting values of the a 0 ͑K͒ ͑Ќ͒ parameters reflect the near 100% yield with respect to the total I production from a 3 ⌸ 1 ͑0% yield from A 1 ⌸ 1 ͒ at low energies and the 0% ͑100%͒ yield at high energies. The fact that the transition between the limiting values of the a 0 ͑K͒ ͑Ќ͒ parameters occurs at higher energy for model 1 versus the ab initio model can primarily be attributed to the scaling of the transition dipole moments; the PECs are very similar, see Fig. 10 of Ref. 22 . For model 1, the ab initio transition dipole moment to the a 3 ⌸ 1 state is scaled by 1.329, increasing its contribution at all photolysis energies. On the other hand, the transition dipole moment to A 1 ⌸ 1 is scaled by 0.978, and therefore, the contribution of this state is very similar for both model 1 and the ab initio model. The similarities between the results for models 0 and 1 are not surprising given that the PECs and transition dipole moments for the a 3 ⌸ 1 and A 1 ⌸ 1 states are very similar, see Tables I and II. The significant difference between model 2 and the other models reflects two phenomena. First, there is a much larger difference between the vertical excitation energies to the a 3 ⌸ 1 and A 1 ⌸ 1 states as compared to other models, i.e., Ϸ7600 cm −1 for model 2 versus Ϸ5500 cm −1 for other models. Second, model 2 decreases the contribution of the a 3 ⌸ 1 state by scaling the ab initio transition dipole moment by 0.8234 and has a completely different functional form of the transition dipole moment to the A 1 ⌸ 1 state, which increases its contribution at lower photolysis energies.
The a 2 ͑K͒ ͑Ќ͒ parameters describing the coherent perpendicular excitation of the a 3 ⌸ 1 and A 1 ⌸ 1 states are illustrated in Fig. 3 for the I͑ 2 P 3/2 ͒ fragment arising from the photodissociation of HI from the rotationless ground ͑v =0͒ vibrational state. The a 2 ͑2͒ ͑Ќ͒ parameter describes the degree of coherence between pairs of m states, m and m ± 2. The magnitude of the a 2 ͑K͒ ͑Ќ͒ parameters is related to the relative probability of excitation into the a 3 ⌸ 1 or A 1 ⌸ 1 excited states within the adiabatic model for dissociation. On the other hand, the sign of the a 2 ͑K͒ ͑Ќ͒ parameters depends on the phase difference between the photofragmentation T-matrix elements for the a 3 ⌸ 1 and A 1 ⌸ 1 states. The theoretically determined parameters depend strongly on the photolysis energy over the entire energy range except for the a 2 ͑2͒ ͑Ќ͒ parameter determined from the ab initio model. More importantly, the dependence on the photolysis energy is different for the three empirical and the ab initio models of the electronic structure.
Only a single state ͑ 3 ⌺ ⍀=+1 or 3 ⌺ ⍀=−1 ͒ accessed by perpendicular excitation contributes to the photofragmentation cross section for excited state I͑ 2 P 1/2 ͒ production. Therefore, the a 0 ͑1͒ ͑Ќ͒ parameter is equal to the maximal value of 0.577 ͑=1 / ͱ 3͒, independent of the photolysis energy, and is not plotted. The particular state involved depends upon whether right-or left-circularly polarized light is utilized in the dissociation; 38 recall that only dissociation with circularly polarized light is sensitive to the odd K parameters. Note that while the role and energetics of t 3 ⌺ 1 have not been assessed for the ab initio model, the value of a 0 ͑1͒ ͑Ќ͒ will still be 0.577 independent of the photolysis energy. The Re͓a 1 ͑1͒ ͑ ʈ , Ќ ͔͒ and Im͓a 1 ͑1͒ ͑ ʈ , Ќ ͔͒ parameters describing the coherent parallel and perpendicular excitations are plotted in Fig. 4 for all three empirical models. As discussed in Sec. II A, the previous studies of HI photodissociation based on the ab initio PECs and transition dipole moments have omitted the t 3 ⌺ 1 state from discussions as it only contributed in the high-energy region, i.e., 24 see Fig. 1 , and therefore, any perpendicular contribution to the I * dissociation channel must be from nonadiabatic coupling. Measurement of the a 1 ͑1͒ ͑ ʈ , Ќ ͒ parameters would also allow a more definitive assignment of the energy of the t 3 ⌺ 1 state and will help in the refinement of the electronic structure models.
From the results of Figs. 2-4 it is clear that the experimental measurement of the a Q ͑K͒ ͑p͒ parameters for the iodine fragment resulting from HI photodissociation would provide an alternative to the measurement of scalar properties from vibrationally mediated photodissociation as a mean to distinguish between the empirical models, and, of course, to determine the accuracy of the ab initio results. It may also be useful to measure the a Q ͑K͒ ͑p͒ parameters for the deuterated species DI as this would provide an additional test for the empirical models and the ab initio data. The results for DI are discussed below.
B. Anisotropy parameters for iodine fragments from the dissociation of DI
The a 0 ͑K͒ ͑Ќ͒ anisotropy parameters as a function of photolysis wavelength for the ground-state I͑ 2 P 3/2 ͒ fragment produced from the photodissociation of DI in its rotationless ground ͑v =0͒ vibrational state are shown in Fig. 5 . Figure 5 shows that there are significant similarities in the behavior of the a 0 ͑K͒ ͑Ќ͒ parameters as a function of photolysis frequency for the I͑ 2 P 3/2 ͒ produced from HI and DI. In fact, as was shown for model 0 previously, 42 these differences for a given model are less than or equal to the typical error bars associated with the experimental measurement of a 0 ͑K͒ ͑Ќ͒ parameters. On the other hand, as with the a 0 ͑K͒ ͑Ќ͒ parameters for HI dissociation, see Fig. 2 , the differences between model 1 and the ab initio model should be experimentally detectable. For example, the maximum difference between the a 0 ͑2͒ ͑Ќ͒ states, i.e., sin ⌬, modulated by the transition amplitudes for these transitions. 43, 44 On the other hand, the Re͓a 1 ͑1͒ ͑ ʈ , Ќ ͔͒ parameter has a cos ⌬ dependence. Therefore, the differences between HI and DI reflect these differences and measurement of the a 1 ͑1͒ ͑ ʈ , Ќ ͒ parameters will provide a detailed information regarding the a 3 ⌸ 0 + and t 3 ⌺ 1 states. The calculated differences between HI and DI await experimental verification. If verified, they could provide additional confirmation of one of the current models of adiabatic photodissociation for HI or would allow refinement of the models.
IV. CONCLUSIONS
We have reexamined the photodissociation of HI and DI using time-dependent wave-packet dynamics based on the recent empirical models ͑models 1 and 2, see Tables II and  III͒ for the potential-energy curves and transition dipole moment functions of Camden et al. 21 and based on the best available ab initio data. 24 In particular, the focus has been on determining the ͑near͒ complete set of anisotropy parameters a Q ͑K͒ ͑p͒ describing the I͑ 2 P 3/2 ͒ and I͑ 2 P 1/2 ͒ angular momentum distributions arising from the photodissociation of HI and DI as a function of photon energy. 71 These results have been compared to each other and contrasted to ones 42 determined using the original model 22 of LeRoy et al. ͑model 0, see Table I͒ . We demonstrate that measurement of the anisotropy parameters for the excitation from v = 0 will be able to distinguish between the two empirical models that were recently developed to account for the measurements from v = 2 and the ab initio data; their measurement could also distinguish model 0, which did not properly reproduce the data for vibrationally mediated photodissociation. While there are experimental difficulties associated with the measurement of a Q ͑K͒ ͑p͒, including the depolarization of the iodine fragments, they will provide an alternative to the vibrationally mediated photodissociation experiments proposed. 21 In our recent study of HI and DI photodissociation, 42 predictions were made regarding the production of both highly spin-polarized H and D atoms from the dissociation of HI and DI. Within the current adiabatic treatment of the dissociation dynamics, all models predict that spin-polarized hydrogen and deuterium can be produced for energies below approximately 37 500 cm −1 and between 47 500 and 52 500 cm −1 , see discussion in Ref. 42 for further details.
Calculations of the anisotropy parameters have also been performed for photodissociation of vibrationally excited HI and DI in the v = 1, 2, 3, and 4 states, although the results that have been presented are only for the excitation from v =0. Sharp changes in the vector properties discussed in this work are observed over narrow energy ranges due to the nodes in the initial vibrational state as have been theoretically determined for other properties, e.g., branching fractions and total cross sections, for the vibrationally mediated photodissociation of the hydrogen halides. 4, 12, 15, 19, 21, 24, 72 As with the scalar properties, 21 there are clear differences between the predictions of the a Q ͑K͒ ͑p͒ parameters based on various models for the electronic structure. To date, no experimental measurements of the a Q ͑K͒ ͑p͒ parameters from vibrationally mediated photodissociation have been obtained for the hydrogen halides.
The recent experimental work of Camden et al. on HI has shown that vibrationally mediated photodissociation provides a sensitive probe of repulsive excited states. However, the present study clearly demonstrates the sensitivity of vector properties to the details of the electronic structure. The four models of the excited states and transition dipole moments, each of which gives similar results for the scalar properties for the excitation from v = 0, exhibit significant, and, more importantly, experimentally measurable differences in their vector properties. 
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